Background and Purpose-Differences in risk factors between lacunar and nonlacunar infarcts might support a distinct arterial pathological process underlying lacunar infarction. Methods-We did a systematic review of studies comparing risk factors in patients with lacunar versus nonlacunar infarction. For each risk factor, we calculated study-specific and pooled relative risks (RRs) for lacunar versus nonlacunar infarction. Results-A total of 16 of 28 studies included risk factors in their ischemic stroke subtype definitions. Hypertension and diabetes appeared commoner among patients with lacunar versus nonlacunar infarction. However, analyses confined to studies using risk factor-free ischemic subtype definitions found only a marginal excess of hypertension with lacunar versus nonlacunar infarction (RR, 1.11; 95% CI, 1.04 to 1.19) and no difference for diabetes (RR, 0.95; 95% CI, 0.83 to 1.09). Atrial fibrillation and carotid stenosis were associated more with nonlacunar than lacunar infarction but less so when only studies using risk factor-free classifications were considered. Otherwise, there was no evidence of differences in risk factor profiles. Conclusions-Risk factor-free ischemic stroke subtype classification methods should be used for comparing risk factor profiles between lacunar and nonlacunar subtypes. 
A pproximately one quarter of ischemic strokes are caused by lacunar infarcts: small, deep cerebral infarcts, from 2 to 20 mm in diameter. 1 These are presumed to result from the occlusion of single, small, perforating arteries supplying the deep subcortical areas of the brain. If the occlusive arterial pathology is distinct from the atherothromboembolic processes that occlude larger arteries, causing most other types of ischemic stroke, the best strategies for the investigation and treatment of patients with lacunar infarction might differ from those for patients with other ischemic stroke subtypes.
Current knowledge of the arterial pathology of lacunar infarction is based largely on Fisher's meticulous clinicopathological studies, in which he serially dissected the vascular supply of a total of 68 lacunar infarcts in 18 postmortem brains. [2] [3] [4] [5] [6] He found that most symptomatic lacunar infarcts were associated with occlusion of perforating arteries Ϸ200 to 800 m in diameter by atheromatous plaques, with or without complicating thrombus. Most asymptomatic lacunar infarcts were associated with occlusion of perforating arteries Ϸ40 to 200 m in diameter by "lipohyalinosis," a destructive small vessel lesion characterized in the acute phase by fibrinoid necrosis and in the healed phase by loss of normal wall architecture, collagenous sclerosis, and mural foam See Editorial Comment, pg 902 cells. 7 However, it is difficult to draw firm conclusions from Fisher's work because the number of patients included was small, most of the lacunar infarcts were asymptomatic, and infarcts related to stroke symptoms were studied months or even years after the acute event.
Further progress in understanding the arterial pathology of lacunar stroke has been limited. Pathological studies are rare because autopsy rates are declining, lacunar strokes have a low-case fatality rate, 1 and tracing the vascular supply of subcortical lesions is technically difficult and time consuming. 7 Difficulties in imaging the small perforating intracranial arteries have made informative imaging studies scarce.
An alternative approach has been to compare the risk factor profiles of patients with lacunar infarcts versus those with nonlacunar infarcts because this may reveal differences suggestive of distinct arterial pathologies. However, these studies have tended to have methodological limitations: sample sizes were generally small; risk factors were inconsistently defined; and studies used a variety of different classification methods to define ischemic stroke subtypes (see Appendix A).
Some used a classification based primarily on the clinical features of the stroke syndrome (most commonly the Oxford-shire Community Stroke Project [OCSP] classification 8 ), usually refined by the results of brain imaging (ie, if a patient's computed tomography [CT] or magnetic resonance [MR] brain scan showed an infarct that was relevant to the presenting syndrome but whose site and size suggested a different ischemic stroke subtype classification from the clinical features alone, the patient was reclassified in line with the imaging findings).
Other studies used the clinical and imaging features of the presenting stroke but also included risk factors in their ischemic stroke subtype definitions (most commonly the Trial of Org 10172 in Acute Stroke Treatment [TOAST] classification 9 ). This could bias the results of a comparison of the prevalence of such risk factors between subtypes. It might also bias comparisons between subtypes of risk factors not explicitly included in the definitions because many vascular risk factors are associated with each other.
A few studies relied on imaging findings alone to classify ischemic stroke subtypes, regardless of the patients' symptoms. Some patients in these studies may have been classified on the basis of asymptomatic or remotely symptomatic visible infarcts, whereas those with a definite ischemic stroke but no visible infarct would have been excluded.
In this article, we report the findings of a systematic review of studies comparing the prevalence of a variety of risk factors in patients with lacunar versus those with nonlacunar ischemic stroke.
Methods

Study Identification
We sought studies published in English up to and including June 2003 comparing the prevalence of risk factors among patients with stroke attributable to lacunar versus nonlacunar cerebral infarction. We identified studies by comprehensive textword and MeSH-based electronic searches of Medline and Embase, designed to retrieve articles about ischemic stroke subtypes, especially lacunar strokes (for details see Appendix B, available online only at http://www-.strokeaha.org); perusal of reference lists of all relevant articles identified, searching within books on cortical and subcortical stroke, and discussions with colleagues.
We subsequently decided to include only those studies published from 1985 onward because the few earlier studies we identified had very limited access to brain imaging (at that time, CT scanning), and this was often restricted to younger patients. We excluded studies among highly selected groups of patients, for example, randomized controlled trials, and studies in which the definitions used to classify ischemic stroke subtypes were unclear or in which there were data inconsistencies.
Data Extraction
We extracted information from each study on the population studied (community-or hospital-based; inpatients or outpatients; consecutive recruitment or not), ischemic stroke subtype definitions, risk factor definitions, and the numbers of lacunar and nonlacunar patients with each of the following risk factors: hypertension; diabetes; smoking; alcohol consumption; raised cholesterol concentration; previous transient ischemic attack (TIA); atrial fibrillation (AF); and carotid stenosis.
We included in the nonlacunar patient group all the nonlacunar ischemic stroke patients apart from the small proportion of patients with an "unusual" cause of stroke (eg, nonatherosclerotic vasculopathies or hematological disorders), for studies in which these were categorized separately. Both authors independently extracted data from the articles, resolving any disagreements by discussion.
Statistical Analyses
We grouped studies according to whether the classification used to define ischemic stroke subtypes: included the risk factor under study; included various risk factors, but not specifically the risk factor under study; was based on brain imaging alone; or was based on the clinical features of the stroke syndrome, usually refined by brain imaging, but did not include risk factors. For each risk factor, we calculated study-specific and pooled relative risks (RRs) with 95% CIs for lacunar versus nonlacunar infarction using Cochrane RevMan software. 10 We used standard 2 tests to assess statistical heterogeneity between studies. In a post hoc sensitivity analysis, we confined our analyses to community-based studies or studies that had recruited consecutive patients from hospital admissions and outpatient clinics.
Results
Included Studies
We identified 41 potentially relevant studies. From these, we excluded 2 that were published before 1985, 11,12 5 for which it was not clear how ischemic stroke subtypes were defined, [13] [14] [15] [16] [17] 1 with data inconsistencies, 18 and 5 that included highly selected groups of patients. 19 -23 This left 28 studies including 21 980 patients, of whom 5379 had a lacunar infarction. 24 -51 The characteristics of the studies included are summarized in Table 1 . Sixteen (16 216 patients) used classification methods that included risk factors in the definitions of ischemic stroke subtypes. 24,27,28,30 -33,36,40,42-45,48 -50 Ten of these (10 705 patients) used the TOAST classification, 28, [31] [32] [33] 40, [43] [44] [45] 48, 50 which considers the presence of hypertension and diabetes to favor a diagnosis of lacunar infarction, whereas carotid stenosis of Ͼ50% and potential sources of cardiac embolism such as AF should be absent for this diagnosis. One study (1262 patients) defined ischemic stroke subtypes on the basis of the site and size of infarction on brain imaging alone. 39 Ten studies (4502 patients) defined ischemic subtypes on the basis of the clinical features of the stroke syndrome, generally modified by the site and size of any relevant infarct seen on brain imaging but not including risk factors (Table 1 ; Appendix). 29, 34, 35, 37, 38, 41, 46, 47, 51, 52 Five studies (2522 patients) were community based, whereas 23 (19 458 patients) were hospital based, mostly recruiting hospital admissions ( Table 1 ). The mean age of the patients was higher in the community than in the hospitalbased studies (73 versus 66 years), and the proportion of males was higher in the hospital-based studies. Almost all patients studied had CT or MR brain imaging. Three studies excluded presumed cardioembolic stroke, 25,30,41 2 excluded infratentorial infarcts, 41, 51 and 1 excluded total anterior circulation and posterior circulation strokes (Table 1 ). 38 Table 2 shows the definitions given for the various risk factors studied.
Hypertension
A total of 25 studies (20 850 patients, 5034 with lacunar infarction) presented data on hypertension. 24 pressure before or after the stroke (Table 2) . Overall, hypertension was commoner among patients with lacunar infarcts (pooled RR lacunar versus nonlacunar infarction, 1.22; 95% CI, 1.20 to 1.25; Figure 1 ). However, there was substantial statistical heterogeneity between results of the individual studies ( 2 24df ϭ105.70; PϽ0.00001), partly arising from the different methods used to define ischemic stroke subtypes (Figure 1 ). The apparent excess of hypertension in lacunar infarction was confined to studies in which the presence of hypertension favored a diagnosis of lacunar infarction (pooled RR, 1.25; 95% CI, 1.21 to 1.28) and studies including risk factors other than hypertension in the definitions of ischemic stroke subtypes (pooled RR, 1.28; 95% CI, 1.23 to 1.34; Figure 1 ). Among studies defining ischemic stroke subtypes using a risk factorfree classification, the increased prevalence of hypertension among those with lacunar infarction was marginal (pooled RR, 1.11; 95% CI, 1.04 to 1.19), with no statistical heterogeneity between studies (Figure 1) . ND, no data, indicates that the risk factor concerned was either not studied or extractable data were not given in the publication(s); NR, not reported, even though the risk factor concerned was studied; MRA, magnetic resonance angiography.
Diabetes Mellitus
A total of 25 studies (20 851 patients, 5035 with lacunar infarction) presented data on diabetes mellitus. 24 -33,35,36,39 -51 Only 13 gave a clear definition of diabetes, generally comprising a history of diabetes before the stroke or raised blood glucose on admission (Table 2 ). There was a significant excess of diabetes in lacunar versus nonlacunar infarction among studies using a classification in which diabetes favors a diagnosis of lacunar infarction (pooled RR, 1.25; 95% CI, 1.17 to 1.34) and among studies using a classification including risk factors other than diabetes (pooled RR, 1.20; 95% CI, 1.09 to 1.32). However, among studies with a risk factor-free classification, there was no difference in the prevalence of diabetes in lacunar versus nonlacunar infarction (pooled RR, 0.95; 95% CI, 0.83 to 1.09; Figure 2 ).
Atrial Fibrillation
Fourteen studies (8087 patients, 2266 with lacunar infarction) presented data on AF. 24, 25, 27, 29, 34, 35, 37, 39, 40, 44, 45, 48, 50, 51 Overall, there was a stronger association between AF and nonlacunar than lacunar infarction (pooled RR for all 14 studies, 0.35; 95% CI, 0.30 to 0.40; Table 3 ). There was substantial heterogeneity between the individual study results ( 2 13df ϭ85.08; PϽ0.00001), largely explained by different ischemic subtype classifications (Table 3 ). The association of AF with nonlacunar infarction was particularly pronounced among studies in which the presence of AF favored a diagnosis of nonlacunar infarction (pooled RR, 0.13; 95% CI, 0.09 to 0.19) and was less extreme for studies using a risk factor-free classification (pooled RR, 0.51; 95% CI, 0.42 to 0.62; Table 2 ). 
Jackson and Sudlow Risk Factors for Lacunar Versus Nonlacunar InfarctionCarotid Stenosis
Nine studies (3850 patients, 1074 with lacunar infarction) presented data on ipsilateral stenosis. 25, 32, 34, 37, 38, 41, 46, 47, 50 Definitions of severe stenosis varied, but Ͼ50% or Ͼ70% stenosis on ultrasound were the commonest ( Table 2) . Four of the studies using risk factor-free classifications also gave data on contralateral stenosis. 25, 37, 41, 47 Overall, there was an excess of ipsilateral carotid stenosis among patients with nonlacunar infarction. The association was more pronounced among studies in which severe carotid stenosis favored a diagnosis of nonlacunar infarction (RR, 0.08; 95% CI, 0.03 to 0.25) and was less extreme among studies using risk factorfree ischemic subtype definitions (RR, 0.35; 95% CI, 0.28 to 0.44). A similar result was observed for contralateral stenosis (RR, 0.21;95% CI, 0.11 to 0.41; Table 3 ).
Other Risk Factors
There was no clear association between smoking, excess alcohol consumption, or history of previous TIA and lacunar versus nonlacunar infarction, irrespective of the method used to define ischemic stroke subtypes (Table 3) .
Where given, definitions of smoking or alcohol excess varied considerably between studies ( Table 2 ). The definition of raised cholesterol in most studies was based on the blood cholesterol concentration after stroke (Table 2) . Although the overall pooled RR of 1.22 (95% CI, 1.15 to 1.30), suggested that raised cholesterol predisposes more to lacunar than to nonlacunar infarction, studies using risk factor-free ischemic subtype definitions found no definite association of raised cholesterol with lacunar versus nonlacunar infarction (Table 3 ). 
Jackson and Sudlow Risk Factors for Lacunar Versus Nonlacunar Infarction
Sensitivity Analysis
When we repeated our analyses including only communitybased studies or studies that had recruited consecutive patients from hospital admissions and outpatient clinics, we found very similar results for all risk factors (data available from authors on request).
Discussion
Many studies have explored the association of various risk factors with different subtypes of ischemic stroke. Their pooled results must be interpreted carefully, with consideration given to various potential sources of heterogeneity.
Ischemic Stroke Subtype Classification Bias
The most important and striking difference was in the classification systems used to define ischemic stroke subtypes. Many studies included the risk factors being studied in their definitions of ischemic stroke subtypes, which may lead to bias (referred to hereafter as "classification bias") when assessing differences in risk factor profiles between lacunar and nonlacunar ischemic strokes. The most appropriate classification system for investigating possible differences in risk factors between ischemic stroke subtypes should, ideally, be free of etiological assumptions about risk factors and so based solely on the clinical features of the stroke syndrome along with the appearances on brain imaging (ie, the site and size of the relevant lesion). 8 Classification bias was of particular importance in the results for hypertension and diabetes. The apparent excess of hypertension and diabetes among lacunar versus nonlacunar infarction patients disappeared when only studies using risk factor-free classifications were considered.
Classification bias also affected the results for AF and carotid stenosis. The excess of AF and carotid stenosis among nonlacunar infarction patients was (unsurprisingly) more extreme among studies in which the presence of AF or carotid stenosis mitigated against a diagnosis of lacunar infarction. Emboli from the heart can occasionally occlude small, perforating cerebral vessels, and so it may be difficult to ascertain whether AF is causal or simply a manifestation of generalized vascular disease. Similarly, although carotid stenosis is more prevalent among nonlacunar infarcts, it does occur in association with some lacunar infarcts. The similarity of RRs for ipsilateral and contralateral carotid stenosis supports the concept that carotid stenosis is unlikely to cause most lacunar infarctions. However, the benefit from carotid endarterectomy among patients with lacunar infarction and severe carotid stenosis suggests that artery-to-artery emboli and low flow resulting from carotid stenosis may play an etiological role in some lacunar infarcts. 53 
Variation Between Studies in Stroke Patient Population Studied
A further potential source of variability is in the population of patients studied. Most studies we identified were hospital based. The ideal study population would include all patients with an incident stroke in a particular geographical area (ie, a community-based stroke study), regardless of whether or not they attended hospital. A recent meta-analysis of community-based studies comparing the risk factor profiles of different ischemic stroke subtypes found only 4 such studies (and all but 1 small study including 102 patients that had not been published previously were included in our systematic review). 54 Community-based studies should avoid spurious differences in risk factor profiles between ischemic stroke subtypes arising because of hospital admission selection bias. But diagnosis of ischemic stroke subtype will first require appropriately timed brain imaging to exclude primary intracerebral hemorrhage, and patients managed entirely outside hospital are unlikely to access such imaging. Thus, for our purposes here, a series of patients recruited consecutively from outpatients as well as hospital admissions is unlikely to be any more biased than a community-based stroke register. Reassuringly, our results were essentially unchanged by a sensitivity analysis including only those studies based in the community or studying inpatient admissions and outpatients.
Potential selection bias could be reduced by using multivariate analysis methods to adjust the results for each risk factor for the confounding effects of other risk factors (eg, age, gender, etc). We could calculate only univariate associations because we did not have the individual patient data necessary for multivariate analyses. However, the few studies that performed both types of analyses found little difference between the results of univariate and multivariate analyses. 25, 26, 29, 35, 46 
Variable Misclassification of Ischemic Stroke Subtypes
Another source of variation between studies using risk factor-based classification systems such as TOAST is the reliance on a number of investigations (such as carotid ultrasound, transcranial Doppler, echocardiography, etc) apart from brain imaging to allow assignment of an ischemic stroke subtype because access to these investigations is bound to vary between centers and according to patient characteristics such as age. Furthermore, the TOAST classification does not allow assignment of an ischemic stroke subtype when there is Ͼ1 potential cause of stroke, which occurred in 7% of ischemic strokes in a large, hospital-based stroke register. 55 In this case, or in the case of incomplete investigation, patients are placed in the "undetermined etiology" category. In the studies that used the TOAST classification, the proportion of patients in this category varied widely from 8% 45 to 41%. 33 This must be partly the result of variable access to diagnostic investigations but could also reflect inconsistent application of the TOAST criteria. 56 The large and variable proportion of patients in the "undetermined" subtype category (some of which will be lacunar, and others nonlacunar, in unknown proportions) introduces heterogeneity between the studies. A classification that can assign a stroke subtype to all (or at least almost all) ischemic stroke patients in the study population will be less prone to such heterogeneity, favoring classifications based mainly on clinical features of the stroke syndrome. 8 However, even if all ischemic strokes are assigned a subtype, there will still inevitably be some misclassification. In particular, some lacunar infarcts will be misclassified as small cortical infarcts and vice versa 57 because the clinical features of the stroke syndrome alone are of limited accuracy in distinguishing these subtypes, and frequently, the relevant infarct is not visible on CT or MR brain scan. The extent of misclassification will depend partly on the proportion of patients with brain imaging and the type and timing of imaging used, which varied between the studies included. Small recent infarcts are more likely to be seen with diffusion-weighted MRI, but none of the studies we identified used this technique. The effects of misclassification of subtypes on risk factor associations are difficult to predict and will only be clarified by further studies using modern imaging techniques (including diffusion-weighted MR whenever possible) in large numbers of patients.
Variable Definitions of Risk Factors
Variability in the definitions used for the risk factors studied (Table 2) could also account for some of the heterogeneity between the results of different studies.
Summary
Our results suggest that the controversial assertion that hypertension and diabetes are particularly associated with lacunar infarction may arise almost entirely from classification bias. Hypertension and diabetes are risk factors for ischemic stroke in general, but their presence does not help to distinguish the ischemic stroke subtype. In addition, although AF and carotid stenosis are associated more with nonlacunar than lacunar infarction, this association is not as extreme as risk factor-based classification systems might suggest. Finally, there is no clear evidence of any association between smoking, previous TIA, excess alcohol consumption, or raised cholesterol and lacunar versus nonlacunar ischemic stroke subtypes.
Editorial Comment Time to Burn the TOAST
There will be a rediscovery of the worth of the nowalmost-abandoned autopsy and clinical pathological conference and the realization that MRI, computed tomography, and ultrasonography cannot substitute for direct postmortem examination of the brain and blood vessels. 1 James F. Toole
The observations of many 20th century stroke studies led their authors to question whether there were any significant special risk factors, like hypertension, for little strokes. By assuming the onerous and painstaking task of systematically reviewing all of the pertinent literature, Jackson and Sudlow have accomplished a unique task, the proof of a negative! 2 There are no specific etiological diagnostic risk factors for small-vessel occlusion (lacune), the most common variety of stroke in the TOAST (Trial of ORG 10172 in Acute Stroke Treatment) tabulation. 3 TOAST was the standard classification system for clinical definition of ischemic strokes.
Even BT (before TOAST), the common knowledge of most experienced clinicians was that family history, age, smoking, hypertension, cardiac or systemic atherosclerosis, previous stroke, diabetes, obesity, and cachexia of any cause are pertinent to general health and probably to the incidence of stroke. And they knew that big strokes are worse than little strokes, especially for debilitated older patients. In 1993, the TOAST stroke investigators recognizing "the etiology of ischemic stroke affects prognosis, outcome, and management," proposed a "classification of subtype of acute ischemic stroke: definitions for use in a multicenter clinical trial." 3 Their premise was "determining the cause of stroke does influence choices for management."
Their Table 1 illustrates the range of their causal conclusions, 5 major categories, segregated with modest hedging. For large-artery atherosclerosis, there is an (embolus/thrombosis) choice, and for cardioembolism, a choice of (high-risk/ medium-risk). These, along with small-vessel occlusion (lacune) and stroke of other determined etiology, are adorned with an asterisk whose footnote indicates the premise that "investigators are allowed to express their certainty by classifying the likelihood of diagnosis as probable or possible. . . . because most etiological diagnoses in stroke are not based on pathological confirmation and are thus presumptive." The reliability test of the system was that "two physicians agreed in their final diagnosis of subtype of ischemic stroke in 19 of 20 [independently assessed] patients."
In 1998, the authors of the TOAST system reported their therapeutic trial of danaparoid. "Subtypes of acute ischemic stroke were also a pre-specified end point. . . . The effects of the severity of stroke on admission or the cause [italics ours] of stroke on outcomes at 3 months are listed in Table 3"   (Table 2 ). 4 The diffident asterisks and graded choices have been replaced by unqualified "cause." "Subtypes are determined by the Clinical Coordination Center." Their terminal extension of this democratic method was, "A panel of three physicians who are not aware of the treatment allocation ascertained the most likely cause of death" (82 deaths, 0 autopsies). (Recall the story of the kindergarten teacher who explained to her class that she could not ascertain by inspection the sex of their new pet gerbil. The bright girl in the first row solved the conundrum; "Let's vote!") This article established the unfortunate precedent of verbal slippage from possible to probable, then often via risk factor or mechanism to cause, a noun that should carry the rigorous onus of homology to Koch's postulate. 5, 6 The same slippage is evident in the recent classification of posterior circulation strokes. 7 Review of the projected TOAST criteria for the choice of cause is pertinent. 3 Large-artery atherosclerosis requires big symptoms, multiple or severe, forebrain or hindbrain, big lesion, and imaging evidence of stenosis Ͼ50% of an appropriate artery, intracranial or extracranial. It is well known that such vasculopathy is commonplace in the absence of stroke, a fact underlined by the secondary need to "exclude potential sources of cardiogenic embolism." Conversely, it is certain that such strokes do occur in the absence of conspicuous arteriographic pathology.
Cardioembolism "presumably due to an embolus arising in the heart." This presumption automatically magnifies the incidence of cardioembolism by arbitrarily purging the possibility of any other cause for stroke while lumping together with atrial fibrillation 23 listed less common sources of cardioembolism. It has been proved only that the incidence of stroke is reduced by coumadin in patients with atrial fibrillation. 8 Small-vessel occlusion (lacune). Walter Alvarez first called special attention to the clinical phenomenology of "little strokes." 9, 10 Two score years ago, before computed tomography, Miller Fisher first sponsored the term "lacune" and the impression that lacunes are caused by a specific lesion called lipohyalinosis, conditioned by vascular hypertension. [11] [12] [13] [14] He further came to believe, "These data support the proposition that small penetrating branch artery disease tends to occur where it gives rise to symptoms rather than being distributed by chance." In his 1991 review, he claimed to have defined 70, although only 65 specific syndromes are listed, and several of these are multiple-lesion or redundant. 15 Here he also opined "MRI has made dependence on clinical detail more or less obsolete." General use of computed tomography and magnetic resonance imaging has made certain that little lesions are not always associated with acute symptoms, and that the syndromes do not always meet rigidly prescribed clinical patterns. 14, 16 Miller Fisher's careful pathological observations in 22 new "lacunar infarcts" included only 4 with lipohyalinosis. 15 Four empty-vessel cases were presumed to represent lysed emboli, rather than spasm or other mechanism. The other 14 cases included "stenosing atheroma with super-imposed thrombus, 5; stenosing atheroma, 5; mural atheroma of the basilar artery, 2; microaneurysm, 1; and inconclusive, 1." Evidently there is no longer a specific vascular occlusive pathology of little strokes. Jackson and Sudlow now show that there are no specific clinical risk factors. 2 It follows that smallness of lesion by clinical estimate or imaging is the only criterion for lacunes. The best common sense hypothesis for the prevalence of small strokes is that simply because they are very narrow, the tiny lumina of myriad small terminal arteries/arterioles are most readily brought to complete occlusion by any partial obstruction: atheroma, or clot, or circulating detritus. TOAST provides no rationale for arbitrarily limiting the lacune label to crosssectional diameters less than 1.5 cm.
Stroke of other determined etiology solicits a vote for long-shot risk-factor diseases involving blood vessels or coagulation that require exclusion of the more common conditions. Unproven, such cases may offer excuse for therapeutic failure or complication. Nevertheless, there are too few to complicate most large-scale clinical studies anyway.
Stroke of undetermined etiology is the uncontroversial democratic vote of maximal insecurity, either too poor or too rich; incomplete or absent basis for exculpation of a cause, or conversely, 2 or more adequate but mutually exclusive causes. It would not be fair to vote for one or the other. (Cf. kindergarten simile.)
We accept the hope that therapeutic efficacy may differ among various sorts of pathology. Different strokes may need different pokes. But the fact is that every clinician's best operational diagnosis is based on integration of hard data, some measurable with real numbers: chronological history of symptom details, clinical examination, and laboratory and imaging data. The specious character of TOAST is the translation of a majority guess into an autonomous causal power, a factoid, "an invented fact believed to be true because of its appearance in print." 17 Even a 0.05 correlation coefficient between phenomenon X and some aspect of stroke does not become a scientifically proven cause by endowing the association with the pejorative title of risk factor. "Impression" is not the singular form of the noun "data." Consistently reliable guessing provides no proof of validity. After a decade of the routine TOAST classification system, we question whether it has contributed to the efficacy of stroke treatment or prevention.
Instead of including the intervening variable of each clinician's analogical estimate, we submit that it is valid, and essentially more reliable, to record for each case the original data points, a computerized census of the bases of each operational diagnosis. Without prejudice regarding mechanism, it is now possible to measure the volume and vascular location of every stroke, including dynamic magnetic reso- As Toole points out, stroke investigators have neglected modern opportunities for neuropathological auditing of disease process and therapeutic endeavors. For example, several studies have indicated that microhemorrhage may be associated with ischemic infarction. [25] [26] [27] [28] [29] Is there anything different about the brains of patients who have gross hemorrhage from tissue plasminogen activator treatment? 30 To our knowledge, no one has looked.
In the last decade or so, our colleagues in neurology who are concerned with dementia, movement disorders, and multiple sclerosis have accomplished powerful conceptual and practical new information by aggressive recruitment of autopsy material. The unfortunate fact is that many stroke patients do not survive long. [31] [32] [33] Whether they die in acute hospital, nursing facility, or home, early or late, how does their neuropathological status relate to their intensive clinical evaluation and therapeutic effort? Patients and families are certain to cooperate if solicited with sincerity and grace. The predominant know-it-all separation of clinical stroke specialists from the fine tissue neuropathology of stroke seems to us to be improvident, if not unforgivable. We welcome Dr Toole's hopeful prediction.
William M. Landau, MD
